As part of a strategy to achieve large two-photon absorptivity in fluorene-based probes, a series of donor 
Introduction
Two-photon-induced fluorescence involves two photons being absorbed "simultaneously" by the molecule under investigation to excite an electron in a molecule to an electronic excited state. Subsequently, once in the S 1 state (through internal conversion if a higher excited state was populated) the excited electron relaxes back to the ground state and emits a photon via identical processes as in single-photon absorption and fluorescence processes. This nonlinear process is characterized by the high spatial localization inherent in the quadratic relationship between the excitation and fluorescence intensity. 1 In the early 1990s, two-photon fluorescence (2PF) imaging was pioneered by Webb et al. by using a femtosecond pulsed Ti:sapphire laser scanning microscope.
1 It was soon clear that the advantageous features of two-photon fluorescence bioimaging include the reduction of photobleaching and photodamage of imaging probes and cellular structures, the capability of relatively deep penetration by exciting at longer wavelength, an enhanced image quality due to less light scattering in turbid media, such as cells, by eliminating out of focus influences and repressing background fluorescence, and the ability to bring about precise 3D spatially localized photosensitization, photolysis, ablation, and cutting at the subcellular level. With the decreasing cost of the two-photon fluorescence microscopy (2PFM) hardware, 2PFM imaging is increasingly being adopted by biological and biomedical researchers. However, the two-photon absorption (2PA) cross sections of most commercially available fluorescent probes, which were actually designed for one-photon fluorescence, are low. For 2PFM imaging, the two-photon excited fluorescence action cross-section ηδ, the product of the fluorescence quantum yield η and 2PA cross section δ, should be a more salient feature to characterize a fluorophore. Since η is always lower than 1, the action 2PA cross sections of these probes are even lower. For example, among the commercial fluorophores, rhodamine B has one of the highest 2PA cross section values, 200 GM (1 GM = 10 -50 cm 4 3 s 3 photon -1
) at 840 nm in MeOH. Considering the fluorescence quantum yield of rhodamine B is 0.7 in MeOH, the 2PA action cross section is only 140 GM. 4 Therefore, there is compelling need to develop efficient 2PA fluorophores with higher 2PA action cross sections, as a higher 2PA action cross section translates to less input laser power to observe 2PF, thereby reducing photobleaching and background noise, e.g., autofluorescence.
In an effort to develop 2PF probes with improved 2PA efficiencies, fluorenyl-based fluorescence probes have been prepared (Figure 1 , A-C) and successfully used for fluorescence bioimaging both under one-photon and two-photon excitation. [5] [6] [7] [8] Structurally, fluorenyl derivatives have a number of advantages for use as bioimaging fluorescence probes. The conjugated planar ring system provides a well delocalized π-system, which is essential to achieve high 2PA, and the rigidity of the fused ring system generally affords high fluorescence quantum yield. Importantly, fluorene derivatives are typically quite photostable under both one-and two-photon irradiation.
9-12 Another advantage of using fluorene derivatives as biological probes is that the hydrophilicity/hydrophobicity of the fluorene derivatives may be easily tuned by introducing various substituents at the 9-position (Figure 1, R 0 ). In addition to modulating solubility, the substituents at the 9 position also help prevent aggregation of the dye, thereby reducing fluorescence self-quenching.
These advantages have been exploited to develop a number of amine-reactive fluorene-based fluorophores for 2PFM bioimaging (Figure 1 ).
5-8
Among the fluorophores shown in Figure 1 , it has been found that even hydrophobic 2-diphenylamino-7-benzothiazole-9, 9-didecylfluorene (A) is useful in staining cells such as H9c2 rat cardiomyoblasts cells for epi-fluorescence and twophoton fluorescence microscopy imaging. 5 In addition, rather than the diphenylamino group in A, an isothiocyanato group was incorporated into two amino reactive analogs B and C.
5,6 Amine-reactive probes B and C can be directly used for 2PFM imaging or to form bioconjugates, imparting specificity. Importantly, the cytotoxicity of the fluorophores is low. However, the conjugation length of fluorene derivatives mentioned above is relatively short, leading to relatively low 2PA action cross sections, i.e., <100 GM. Recently, two hydrophilic fluorene derivatives with increased conjugation length were reported by our group for integrin-targeting, and 2PFM cell imaging was demonstrated.
6-8 The probe with the most extended conjugation system showed a 2PA action cross section of 680 GM at 740 nm in DMSO. Although this 2PA action cross section is already ca. 5 times higher than that of rhodamine B, further efforts are warranted to increase the 2PA cross section, the wavelength of 2PF, and the emission wavelength.
The 2PA efficiency is, in general, related to the conjugation length and the donor/acceptor strength of the chromophore's substituents. Additionally, D-A-D-type chromophores provide higher 2PA cross sections compared to those of D-A-or D-D-type structures with similar conjugation length and donor/acceptor groups. 13, 14 With the combination of a D-A-D architecture and large conjugation system, it is reasonable to expect an increase in the 2PA cross sections of a molecule. Interestingly, very few fluorenylbased D-A-D structures have been reported, 15,16 and the reported examples had short conjugation lengths, consequently leading to low 2PA cross sections.
Herein, we report the synthesis of D-A-D type chromophores with increased conjugation length, realizing a significant increase in 2PA cross section, and their comprehensive linear and nonlinear photophysical characterization. The D-A-D fluorene derivatives that were prepared incorporated novel bifunctional electron accepting moieties as the core. Significantly, a high yield method for a one-step direct dibromomethylation of phenyl sulfide was developed to prepare two of the new derivatives. The 2PA action cross sections of these fluorophores was determined and compared to those of their D-A or D-D type counterparts to evaluate both the benefit of this design paradigm and a larger conjugation system on enhancement of two-photon absorptivity. Significantly, the new dyes were used in both one-and two-photon fluorescence microscopy imaging after encapsulation in Pluronic micelles, demonstrating outstanding lysosomal selectivity. 
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Lysosomes are membrane-bound vesicles containing various hydrolytic enzymes necessary for digesting exogenetic macromolecules and breaking down old nonfunctioning organelles that out lived their usefulness. 17 Lysosomes are involved in a number of cell life activities, including intracellular transportation, metabolism, cell membrane recycling, 17 and even apoptosis. 18 The malfunction of lysosomes has been implicated in several diseases, such as inflammation, tumors, silicosis, and various lysosomal storage diseases, e.g., Tay-Sachs disease, or Pompe's disease. 19, 20 In addition to faciliating study of these conditions, the highly specific lysosome-targeting of the micelle delivery system described herein may find application as gene or drug carriers for lysosomal-targeting therapeutics.
Results and Discussion
Synthesis. The structures of the four pairs of 2PA fluorophores synthesized in this work are shown in Figure 2 . The donor-π-donor-type compound 1, where two dibutylamino groups as donor and fluorenyl as π bridge, is a reference compound to the D-A-D archetype 2. Similarly, compounds 4, 6, and 8 will be compared to 3, 5, and 7, respectively. Key to the synthesis of these D-A-D molecules was the introduction of the central acceptor group.
The preparation of donor-π-acceptor-π-donor (D-A-D) 2 was achieved by successfully introducing two nitro groups in the key intermediate 10 by nitration of 9 in a 1:1 mixture of fuming HNO 3 /concentrated H 2 SO 4 at 0°C. 21 The reaction was clean and no byproducts, except the mononitrated product, were detected. The final product 2 was then easily prepared by Horner-Emmons reaction as shown in Figure 3 . Compounds 1, 3, and 4 were also synthesized by Horner-Emmons reactions using similar conditions indicated in Figure 3 . The synthesis of compound 3, which has been reported previously via Heck coupling in 31% yield, was synthesized in this work by a Horner-Emmons reaction in a greatly increased yield (81%). Identical NMR spectra were observed. The yields 1-4 were relatively good (55-85%).
Compounds 5 and 6 were prepared by Horner-Emmons reactions as shown in Figure 4 . Aldehyde 15, used in the Horner-Emmons reaction, was synthesized by Heck coupling of bromofluorenyl aldehyde 13 with N,N-diphenylaminostryene 14 in the presence of n-Bu 4 NCl in 71% yield. Intermediate 16 was prepared according to a literature method in high yield. 22 The development of a one-step direct dibromomethylation of phenyl sulfide in 77% yield greatly simplified the synthesis of bisbromomethylphenyl sulfide 18, a key intermediate in the preparation of 6. Oxidation of sulfide 18 to the corresponding sulfone 19 occurred in good yield. Phosphonylation of both 16 and 19, followed by reaction with 15 in dry DMF using NaH as base, afforded products 5 and 6 in yields of 53 and 37%, respectively.
Unsymmetrical 7 was prepared in a one-pot reaction by mixing 9 with 11 and 12 in a 1:1:1 mol ratio, resulting in an isolated yield of 43%. However, the same strategy was unsuccessful for the synthesis of 8. This compound was prepared following the same synthetic methodology used in the preparation of 5 and 6, as shown in Figure 5 . Here, aldehyde 21 was again prepared via Heck coupling of bromofluorenyl aldehyde 13 with N,N-di-nbutyl-4-vinylaniline (20) in the presence of n-Bu 4 NCl in good yield (71%). Phosphonate 25 was prepared from the corresponding chloromethyl derivative 24. We developed a simple method preparation of 24 by reflux of commercially available 17 with 16 in NMP for a yield of 70%. Dye 8 was then obtained 43% yield. All compounds were characterized by 1 H NMR, 13 C NMR, and elementary analysis or high-resolution mass spectroscopy.
Linear and Nonlinear Optical Properties. Shown in Figure  6 are the UV-vis (linear) absorption, fluorescence, fluorescence anisotropy, and two-photon absorption (nonlinear) spectra of aminostyrylfluorenes 1 and 2 in cyclohexane. The absorption maximum of 491 nm for dinitro-containing 2 had a bathochromic shift of 84 nm relative to 1 (parent compound). This long-wavelength absorption band corresponds to a one-photon allowed S 0 -S 1 transition (S 0 and S 1 are the ground and first excited electronic states, respectively), in which the fluorescence anisotropy was constant at about 0.35. As expected from quantum mechanical selection rules, for molecules with relatively high symmetry such as 1 and 2, the S 0 -S 1 transition is a two-photon forbidden transition, a prediction borne out in the 2PA spectra where very low two-photon absorptivity was observed in the long-wavelength region. As the wavelength decreased, a change in the fluorescence anisotropy values was observed at ca. 360 nm for 1 and 425 nm for 2, indicative of a different electronic transition, e.g., S 0 -S 2 . This transition is obviously a two-photon allowed transition since the maximum 2PA cross sections of both dyes were obtained at wavelengths corresponding to this transition. Similar behavior was observed for symmetrical molecules. 23 The 2PA cross section of dinitrofluorene 2 at 850 nm was nearly 1200 GM, slightly higher than the 1000 GM 2PA cross section observed for 1 at 720 nm. This moderate increase of the 2PA cross section is attributed to weak conjugation of the nitro groups with the terminal amino electron-donating groups. Considering the fluorescence quantum yields of 1 and 2 are 1.0 and 0.44, respectively, the lower fluorescence quantum yield of 2 resulted in the twophoton action cross section of 2 being less than that for 1.
For the more electron-deficient compound 3, bearing terminal benzothiazole moieties, the introduction of two nitro groups in the fluorenyl bridge (4) produced only a slight bathochromic shift in the absorption maximum (28 nm) and did not exert much of an effect on the 2PA spectrum, as shown in Figure 7 . This is understandable since, in general, a large 2PA cross section is considered as a result of strong intramolecular charge transfer directly related to the strength of the donor and acceptor groups. The benzothiazole group itself can be considered as a very weak electron donor (relative to a nitro group), and the intramolecular charge transfer from benzothiazole to the nitro groups is not strong enough to achieve a high 2PA cross section. When considering the absorption, 2PA, and fluorescence anisotropy data, both 3 and 4 behave like typical symmetrical molecules. The low energy one-photon allowed transition is two-photon forbidden, while the 2PA allowed transition appeared at higher energy (shorter wavelength). 
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Photophysical data for fluorenylsulfones 5 and 6 are illustrated in Figure 8 . The linear absorption and emission of 6 were nearly identical to 5. The profile of the 2PA absorption spectra of 5 is consistent with a typical 2PA spectra of D-π-A dipolar chromophores. Here the one-photon-allowed S 0 to S 1 transition, accompanied by constant fluorescence anisotropy, is accessible by 2PA due to the low molecular symmetry. Although the 2PA absorption spectrum of 6 is similar to that of 5, the situation of 6 is more complex since no clear transitions can be identified from fluorescence anisotropy data. For such a large molecule, it is not unusual that a number of electronic transitions are closely spaced, resulting in constantly changing anisotropy values. However, the 2PA cross section of 6 (1520 GM at 720 nm) was significantly larger than the smaller molecule 5 (362 GM at 720 nm). The fluorescence quantum yields of both 5 and 6 were similar (0.94 and 0.95), providing a 4-fold enhancement of the 2PA action cross section for the larger fluorenylsulfone 6 compared to 5. Moreover, at two-photon excitation wavelengths from 690 to 840 nm, sulfone 6 showed 2PA action cross sections >750 GM. As expected, the 2PA cross section of 6 was somewhat lower in THF relative to cyclohexane (ca. 4000 vs 1300 GM at 700 nm, respectively). With high 2PA action cross sections over such a broad spectral range, this derivative is particularly attractive as a probe for 2PFM imaging.
A more profound enhancement of 2PA was observed for benzobisthiazolylfluorene 8 relative to aminobenzothiazolylfluorene 7, as indicated in Figure 9 . Although the absorption and fluorescence maxima of 8 exhibited only a slight bathochromic shift (14 and 10 nm, respectively) with respect to the smaller analogue 7, and the fluorescence anisotropy profiles were also similar, the 2PA absorption of benzobisthiazolylfluorene 8 was substantially larger than 7 over a broad spectral range, i.e., from 550 to 930 nm. At its maximum 2PA wavelength of 790 nm, 8 had an impressive 2PA cross section of 2517 GM, a 10-fold enhancement relative to 7 at the same excitation wavelength (250 GM). This is not unexpected since the 2PA cross section is quadratically dependent on the stationary or transition dipole moments; a small increase in either of these will result in a significant increase in the 2PA cross section. Taking in account of the fluorescence quantum yield of 0.75 for 8 and 1.00 for 7 in cyclohexane, the 2PA action cross section 8 (1887 GM) was 7.5 times greater than that of 7. This was the largest 2PA enhancement observed for this series of dyes. The high 2PA cross sections over a broad wavelength range offers the flexibility of 2PF wavelength selection for bioimaging, depending on the nature of the biological sample.
Fluorescence Colocalization Studies and Two-Photon Fluorescence Imaging. Pluronic materials are a series of block copolymers based on ethylene oxide (forming a hydrophilic block) and propylene oxide (forming a hydrophobic block) and widely used as carriers for drug delivery. 24, 25 In this work, probes 5-8 were encapsulated in Pluronic F 108NF upon formation of micelles and their interaction with cells was investigated by both confocal and two-photon fluorescence imaging. Dye-encapsulated micelles were uptaken by cells without apparent difficulty, as shown in Figure 10 (where probe 6 was used). To determine whether any oganelleselectivity occurred, colocalization studies were performed with known probes.
In fluorescence microscopy, colocalization refers to an analysis method to characterize the degree of overlap between two different fluorescent labels, each having a separate emission wavelength, to determine if two different cellular "targets" are located in the same area. Here commercially available LysoTracker was used for colocalization studies. Commonly used lysosomal markers include DAMP, neutral red, acridine orange, dextran, and bovine serum albumin (BSA) labeled with a fluorophore and LysoTracker probes. However, DAMP is not fluorescent, neutral red and acridine orange lack staining specificity, and fluorescent dextran and BSA have low-photostability and short-circulating life in living cells. 26 The LysoTracker probes are fluorescent acidotropic probes for labeling and tracking acidic organelles in live cells, primarily lysosomes with high selectivity and effective labeling of living cells at nanomolar concentrations, although their two-photon action cross sections (ηδ) are very low, e.g., a value of 10 GM was reported for LysoTracker Red. 27 It is important to note that cross-talk or "bleedthrough" may occur if the emission spectra of the two fluorophores are similar. Accurate colocalization determination can only occur if emission spectra are sufficiently separated between fluorophores and the correct filter sets are used during the acquisition step. For this reason, LysoTracker Red was chosen since the emission wavelength of LysoTracker Red can be detected at 624 nm, well separated from the 525 nm emission maximum of probe 6 (Figure 10 ).
The fluorescence images, collected from two different wavelengths, i.e., 525 nm for probe 6 and 624 nm for Lysotracker Red, are shown in Figure 10B and C, respectively, as well as the differential interference contrast (DIC) image (Figure 10 A) , along with the overlap image of A, B, and C (Figure 10 D) . Similar images were also collected for probes 5-7 and are included in the Supporting Information. It is obvious that the fluorescent images of probe 6 and LysoTracker are almost identical. Quantitatively, the colocalization coefficient indicates the relative degree of overlap between signals. While there are several methods to calculate the colocalization coefficient, the one presented here is the Pearson's correlation coefficient, calculated within Slidebook 4.1, imaging processing software. The correlation coefficients of dye 5-8 relative to LysoTracker Red are all higher than 0.97, supporting lysosomal colocalization. An additional experiment was performed for long-term tracking of lysosomes. A high colocalization coefficient (0.80) was observed after 2 h of incubation with both dye 6 and LysoTracker Red, followed by an additional 9 h postincubation. The colocalization images are included in the Supporting Information.
Two-photon fluorescence microscopy (2PFM) images of the cells incubated with Pluronic micelle-encapsulated probes 5-8 were obtained using a modified Olympus Fluoview 3000 microscope system coupled to a femtosecond Ti:sapphire femtosecond laser as excitation source. As an example, a 2PFM image of HCT 116 cells incubated with micelles containing probe 8 is shown in Figure 11 C. For comparison, DIC and one-photon fluorescence images are also presented (Figure 11A and B) . The 2PFM 3D volume view image provides higher resolution than conventional confocal imaging, supporting further investigation of these probes for bioimaging applications. Additional 2PFM images of cells incubated with probes 5-7 can be found in the Supporting Information. By encapsulation of the dyes in Pluronic F 128 NF micelles, probes 5-8 were uptaken by cells, presumably through endocytosis, resulting in high lysosomal selectivity as demonstrated through colocalization (>0.98 coefficients) experiments with Lysotracker Red. Preliminary results using these dyes as fluorescence probes for 2PFM cell imaging indicating they afford high resolution and lysosomal selectivity when encapsulated in micelles. The high specificity and 2PA cross section of our probes suggest a strategy to overcome limitations for currently used lysosomal trackers for 2PFM applications. Recently, hydrophobic 2PF probes encapsulated in Pluronic micelles were also used to image mice brain vasculature in vivo by 2PFM, 28 a further testament to the potential of this class of probes and micelle-encapsulation strategy.
Conclusion

Experimental Section
General Methods. 9,9-Didecyl-9H-fluorene-2,7-dicarbaldehyde (9), 29 (4-(dibutylamino)benzyl)triphenylphosphonium iodide (11), 30 diethyl 4-(benzo[d]thiazol-2-yl)benzylphosphonate (12), 31 7-bromo-9,9-didecyl-9H-fluorene-2-carbaldehyde (13), 32 4-vinyltriphenylamine (14), 33 1-(bromomethyl)-4-(phenylsulfonyl)benzene (16), 22 and N,N-di-n-butyl-4-vinylaniline (20) 34 were prepared according to literature methods. A new route was used for the synthesis of 3, which was different from that previously reported, 35 and the 1 H NMR spectrum was consistent with the previously reported spectrum. 2, 5-Diaminobenzene-1,4-dithiol (22) was a gift from the Air Force Research Laboratory/Polymer Branch at Wright-Patterson Air Force Base. 4-(Chloromethyl)benzoyl chloride (17) was purchased from Acros Organics. Pluronic F 108NF was obtained from BASF. LysoTracker Red was purchased from Invitrogen. All other reagents and solvents were used as received from commercial suppliers. Melting points are uncorrected. 1 H NMR and 13 C NMR spectra were recorded at either 300 or 500 MHz and at 75 or 125 MHz, respectively. Absorption spectra were measured with an UV-vis spectrophotometer. Steady-state fluorescence spectra were obtained at room temperature with a spectrofluorimeter using 10 mm quartz cuvettes. Fluorescence anisotropy spectra were measured using three polarizers in the L-format method, with correction for background signals, in the high viscosity solvent polytetrahydrofuran (pTHF) at room temperature. Experimental details of anisotropy measurements were previously reported. 36, 37 Fluorescence quantum yields were measured for all compounds by a standard method, 38 relative to rhodamine 6G in ethanol at room temperature.
Preparation of 9,9-Didecyl-4,5-dinitro-9H-fluorene-2,7-dicarbaldehyde (10). A mixture of fuming HNO 3 (8 mL, d = 1.42 g/ cm 3 ) and 98% H 2 SO 4 was cooled to 0°C. 9,9-Didecyl-9H-fluorene-2,7-dicarbaldehyde (9, 2.0 g, 3.4 mmol) was then added slowly, and the resulting mixture was stirred at 0°C for 1.5 h. The reaction was terminated by addition of 20 g of ice. The organic phase was separated, and the aqueous phase was extracted with hexane. The combined organic phase was then washed with water and dried over MgSO 4 . Solvent was removed under reduced pressure, and the crude product was purified via column chromatography (4:3 hexanes/CH 2 Cl 2 ), affording 0. General Procedure for Preparation of Dyes 1-5. 9,9-Didecyl-9H-fluorene-2,7-dicarbaldehyde (9) or 9,9-didecyl-4,5-dinitro-9H-fluorene-2,7-dicarbaldehyde (10, 0.5 mmol), 4-(N,Ndibutylaminobenzyl)triphenylphosphonium iodide (11), and/or diethyl 4-(benzo[d]thiazol-2-yl)benzylphosphonate (12, 1.0 mmol) in 10 mL of dry DMF were degassed with Ar for 30 min. NaH (0.24 g, 10.0 mmol) was then added, and the mixture was stirred at room temperature under Ar for 20-24 h. The crude product precipitated upon slow addition of water and was collected by filtration, followed by column chromatographic purification to afford pure compounds 1-4 and 7 (characterization details below).
4,4 0 -(1E,1 0 E)-2,2 0 -(9,9-Didecyl-9H-fluorene-2,7-diyl)bis(ethane-2,1-diyl)bis(N,N-dibutylaniline) (1): 3:1 hexanes/CH 2 Cl 2 as eluent (62% yield); mp 95-96°C; Preparation of (E)-9,9-Didecyl-7-(4-(diphenylamino)styryl)-9H-fluorene-2-carbaldehyde (15). 7-Bromo-9,9-didecyl-9H-fluorene-2-carbaldehyde (13) (1.384 g, 2.5 mmol), 4-vinyltriphenylamine (14, 0.678 g, 2.5 mmol), PPh 3 (65.56 mg, 0.25 mmol), and K 2 CO 3 (6.25 mmol, 0.864 g) in DMF were degassed with Ar for 30 min, and then Pd(OAc) 2 (84.20 mg, 0.125 mmol) and n-Bu 4 NCl (0.695 g, 2.5 mmol) were added, followed by refluxing the mixture under Ar for 20 h. Water and hexanes were added, and the organic phase was concentrated. The crude product was 29 (m, 4H), 7.11-7.18 (m, 6H),  7.03-7.08 (m, 4H), 2.03 (m, 4H), 1.03-1.25 (m, 28H) 36 .2 mg, 0.116 mmol) was refluxed with triethyl phosphite (1 mL) for 2 h. Excess triethyl phosphite was evaporated, and the residue was dried in vacuo. (E)-9,9-Didecyl-7-(4-(diphenylamino)styryl)-9H-fluorene-2-carbaldehyde (15, 86.5 mg, 0.116 mmol) was then mixed with the above product in dry DMF (2 mL) under Ar. NaH (27.8 mg, 1.16 mmol) was added, and the reaction was stirred at room temperature for 20 h. Water was added to terminate the reaction, and the product was extracted with EtOAc. Solvent was removed, and the crude product was purified by column chromatography (1:1 hexanes/ CH 2 Cl 2 ), producing 58.6 mg of 5 (53% yield) as a soft glassy material, which turned into viscous liquid upon heating. No defined melting point was observed: 
.5587. Preparation of Dye 6. 4,4 0 -Sulfonylbis((bromomethyl)benzene) (19, 0.1 g, 0.247 mmol) was refluxed with triethyl phosphite for 2 h. Excess triethyl phosphite was evaporated, and the residue was dried in vacuo. (E)-9,9-Didecyl-7-(4-(diphenylamino)styryl)-9H-fluorene-2-carbaldehyde (15, 0.37 g, 0.5 mmol) was then mixed with the above product in dry DMF (5 mL) under Ar. NaH was added, and the reaction was stirred at room temperature for 20 h. Water was added, and the product was extracted with EtOAc. Solvent was removed, and the crude product was purified by column chromatography (1:1 hexanes/ CH 2 Cl 2 ), providing 0.16 g of 6 (37% yield) as a glassy material, which turned into a viscous liquid upon heating. No defined 65 (m, 8H), 7.41-7.51 (m, 12H) Preparation of (E)-9,9-Didecyl-7-(4-(dibutylamino)styryl)-9H-fluorene-2-carbaldehyde (21). 7-Bromo-9,9-didecyl-9H-fluorene-2-carbaldehyde 13 (0.554 g, 1.0 mmol), N,N-di-n-butyl-4-vinylaniline (20, 0.231 g, 1.0 mmol), PPh 3 (26.2 mg, 0.10 mmol), and K 2 CO 3 (0.346 g, 2.5 mmol) in DMF were degassed for 30 min, and then Pd(OAc) 2 (33.7 mg, 0.05 mmol) and n-Bu 4 NCl (0.278 g, 1.0 mmol) were added. The mixture was then refluxed for 20 h under Ar. Water and hexane were added, the organic phase was concentrated, and the crude product was purified by column chromatography using 1.5:1 hexanes/ CH 2 Cl 2 as eluent, affording 0.50 g of 21 as yellow oil (71% yield): Preparation of Dye 8. A solution of 21 (58 mg, 0.082 mmol) and 25 (26 mg, 0.041 mmol) in 1 mL of DMF was degassed by Ar for 30 min. NaH (14 mg, 0.82 mmol) was then added, and the mixture was stirred at room temperature under Ar for 20 h. The product was precipitated by addition of water and collected by filtration. The crude product was purified by column chromatography using 1:2 CH 2 Cl 2 /hexanes as eluent, affording 31 mg of 6 (43% yield): mp 196-197°C; a Texas Red filter cube (Ex 562/40, DM 593, Em 624/40) was used.
Two-Photon Fluorescence Microscopy (2PFM) Imaging. 2PFM images were collected on a modified microscope system coupled to a tunable Ti:sapphire, 76 MHz, mode-locked, femtosecond laser tuned to 700 nm. An emission long-pass filter (cutoff 690 nm) was placed in the microscope scanhead to avoid background irradiance from the excitation source. Consecutive layers, separated by approximately 0.15 μm, were recorded to create a 3D reconstruction from overlaid 2PFM images. The two-photon induced fluorescence was collected with a 60Â microscope objective (UPLANSAPO 60Â, NA=1.35).
